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(57) A novel series of field microscopes, which are designed for use in locations remote from conventional power 
souices or for in-lab use, are described. The enabling technology is the illuminator which is described in several 
embodiments which cover brightfield transmitted lights brightfield reflected light, daikfield transmitted light and 
darkfield reflected Ught as well as uni-directional obhque and slit-ultra illumination techniques. The Ught sources are 
modular so that they can be interchanged on the micro cope, and they feature ultralow power and current consumption, 
integral dimming control, batteiy power and Ught weight Optically the illuminators offer extremely flat field 
illumination along with excellent colour correction or selectable narrow wavelengths, a illuminators are characterised 
by high optical efficiency and small size. The microscope includes a novel focussing drive with torque limiting nature, 
a novel method of attaching the objectives, a novel mounting scheme to take advantage of existing camera tripods and 
novel adapters for film, video and digital cameras. A novel hydmulic fine focus drive is also discussed. 
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ABSTRACT 

A novel senes*^eld microscopes, which are (ksigned for use in locations remote from 
conventumal power sources or for in-lab use, are described. The enabling technology is 

tool-. 

the ilhimhiator which is described in several which cover brightfieM transmitted 



light, biigbtfield reflected liftht. darkfidd traiismitted lisfat and darkfield reflected light as 
wdl as uni-dircctional oblique and slit*ultra i lamination techniques. 
The light sources are modular so that they caii be interchanged on the microscope, and 
they feature uitralow pow€9r and current consi Lmptioh, integral dimming con trol, battery 
power and light weight. Optically the iilumir ators offer esctremely flat field illumination 
along with excellent colour cotiecdon or sele ;table narrow wavelengths. T le 



illuminators are chaiactmsed by high optical efiSciency and small size. 
The microscope inchides a novd focussing di ive whh torque limiting nature^ a novel 
method of attaching the objectivesy a novel mcnmdng scheme to take advantage of 
odsting camera tripods and novel adulters for film, video and dig^ Anovel 
hydraulic fine focus drive is also discussed. 
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FIELD OF THE INVENTION 

^ The present invention relates i 



U I improvements to field microscopes 



50 



may 



DEFINITIONS 

For tlie purpose of diis patentl application the following de^nitions apply 

throughout: 

LED: LED is used to mean 
55 single colour such as red» green, bhie, yellow, 
type. 

Laser diode: Any of die 
emitting diodes inchidtng infiared, visible anc 



difiRismg 



icy 



60 Diffiiscr Any light di 

optical material^ etched optical materia^ mi 
but ixbst particularly the family of white teflok 
Spectralon made by L ABSPHERE. 

65 TripodAfount:A standard 1/4 

conqMttible with camera tripod mountii^ 



scre^rs 



light eimtting diode which 
; infrared or ultraviolet LEDis 



wide 



variety of semiconductor laser Itg^ 
ultraviolet laser diodes. 



be either 
m any case 



material such as opal glas^ sandblasted 
plastic or holographic difiRjiser material* 
materials and a pnq)rietary nuaterial caUed 



X 20 TP! threaded hole dds^gned to be 
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A fim embodiment of the present invinti 
module 100 which tnckides an LED 101 whi<{h 
a white li^ emitting LED which employs a 
white light either internally to the T .pn 
120 orwhichmaybeawhiteli^emittuig 

pho^hor coating on the LED die or on or in 
oiipnal substantial monochromatic light fron i 



n, shown in Figure 1 includes a stage 
may b e a coloured LED or v f hich may be 
iystem of several LED chips to adiicve 



lencap^atii 



rLEDivfaere 



the 



125 



arwhiteii ght The ij ED e mits ligb t-whirfrstr 



the : brward i 



light is transmitted by the difiSiser 106 m 
illununator 127 and pait of the light is reflected 
optic suffice of part 102 which serves a dual 



lect light 1 



127 



directly leaves the outlet of the illuminator 
acceptance angle of the output reflector 126 

130 106. This pair ofmirrors acting on the front 
increases the efiSdency of the illununator. 

The cone of light fiom the diffiiser ca^ 
aperture to match the maximum numerical 
field microscope by the selection of the an^ 

135 and by the diameter of tiie difiiiser 106 and 
surfiice of the front reflector 126 may be a 
distance from the difEuser 106 to the LED 10 
light emitted by the LED and the 



the 



plani 



^ diameter of the 



on or as a set of discrete chips or die, 
the white light is achieve id by a 
LED plastic encapsulation so Aat the 
the LED die is converted to broad ^)ectFal 
106 so tpa t part 



F-4 



direction to the outlet of the 
by the diflSistt* and strikes t^ reflector 
hnction to hold the LED in pl^ and to 
Of the jiglit transmitted by the diffjiscr a portion. 



while lijB^t which is not widjin the 
reflected bade to the front dif Riser surface 
and back sides ofthedifiuser greatly • 




be tailored to any desired numerical 
apjtrtwe of die objective lenses u sed with the 
of Ac reflects surfices of reflector 126 
illuminatoroudet opening 127. The 
le suf&ce or a curved surfiicet The 
is determined by the cone ankle of the 
diffuser. The edge of illuminated circle 
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of Oe cone angle of the LED ^ould match th^ 
140 difiEiiser. The angle oftfae rear reflector optic 
return of reflected Ught to the di£Risar and ina^ 

A filter material 1 28 which may be an 
maybeused to remove unwanted light fix>m ^ 
true where tiie LED is a phosphor based white 
145 as the exciting source for the phosphor and 

its overall spectral output In this case a mateHal 



clear aperture fthe diametei ofthe 
102 should be chosen to maxii lize the 




be a plane surface or acurved sur£ice. 
interference filter or a film or gel type filter 

illuminator output This is panicularly 
light emitting LED vrtnch usejs a blue LED 
the blue LED emits UV li ght as part of 
such as Lee Filter immber 226 UV 



wbere 



^bl^king gel is selected to remove the UV ligl^ 
powered fiiom a printed circuit board 103 whi^h 
dectronics to control theLED brighmess 105 land 
iSO used to manually adjust the brightness of the 



The light ftom die illuminator passes 
object 108 with a cone of flat light of spectral 
lOL The slide is held in place by stage clips 
ofstage block 109 by fiste&ers IIL The 
155 microscope by a ptaig coimector located at 
wiring buried in the base ofthe frame of the 



rrodules to be interchanged so diat brigfatfieidl» 
used widi tl^ field microscope. The stage mcidule 
shown), in tiie event that the microscope is used 
ttiO below then the stage module 1 00 may be omitted 



fiomtheLEDou^nit TheljEDis 
ccHit^ns the regulatii^ and tiiiuning 
a control potentiometer l(f4 ^^ch is 
ED. 



t mnigb the g^ass slide 107 to iljiuminate the 
content determined by tiie cho ice of LED 
10 which are mounted to the nont sur&ce 
100 is oormected to t^e rest of the 
which cormects the stage mo^le wiring to 
i^icroscope 114. This allows the stage 



stags module 



lit 



darkfield, or odier fi>rnis of 5 age can be 
is secured in position by 1 asteners (not 
with reflected light system^ as described 
entirely. 



CX 02262912 1999^02-24 



contiins 



Hie frame of the microscope also 
is used to mount the microscope on an> 
photographic tripod. The frame of the mioosfcope 
body end of the frnme so that the frame fbrmsj the 

165 containing the battery 118, the power on/ofif switch 
117. The dovetail slide also allows tfiemoveihent 
frame 1 14 in order to allow fine motion contrJiL 
a standard 9 volt transistor type batteiy. The 
supply power to the microscope when power 4s ; 

170 orftoman AC wall adapter. Since the LED i$ 
40 milliwatts ofenetgy to achieve ideal illumi 
means a typical 9 volt batteiy will last for 10 to 
very small solar array can power the microscc^pe 
applications such as third world and remote 

175 The body block 1 19 contains a bored 

driven for coarse posidoning by shaft 130 
rings that convey the rotary action of shaft 
contained in the bore with particularly choser 
required for the tube 120 and it can be freely 

ISO chosen properly and the dimensions are property 
will resist motion due to gravity if the microsbope 
yet will still exert sufficient force to move tb \ 
of gravity when the microscope is used verti 



133 



a standard tripod mountin i fitting 115 
standard thread tripod such « a 

is held in a dovetail slide at the main 
closure for the battery con ipartment 
1 1 6 and the external pov rer connector 
of the body block 1 19 rd itive to the 
The batteiy 1 18 is in this o ise shown as 
External power connector 1 1 7 i s used to 
available such as fiom a sola r cell array 
so efiiciem it only requires topically 30 to 
nation levels for the miat)sco )e. This 
12 hours of continuous use < nd that a 
for prolonged periods of fii ae for 
Ideations. 

i 

lole for the microscope tube l£0 which is 



which makes contact with body tilbe 119 via o- 



Tube 120 is 



to linear motion of tube 120. 
clearance so that no further b tarings are 
Iriven by shaft 120. When the o^iigs are 
calculated the tube will rm ive fiedy but 
is used in the horizcMiCal {idsidon and 
tube with heavy objective against the force 
The special feature of this coarse 



erttcally 
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les. 



18 



motiott drive is thai it is torqu limited which 

W iimited torque can be exerted on the object 10|B 
shown). This hdps to prevent damage to the 
driven into the slide by the coarse focus drive 
NoimaHy an iUuminator such as &npl 
tube to counteract die effects of the stray 

190 aperture oftbe illuminator and the unrestricted 
design the stray light is trapped and substantidliy 
These li^ traps may be machined geometric 
with good light tiapping or absoibii^ qualiti 
by blade VELCRO type loop material which 

195 loop structure to the inside of die tube. Two baps 
of the tube diown as trap 121 and a second tnp 
diown as light trap 124. A third light trap IZ I 
cleaner" which is placed in the form of a coil 
light traps work to virtually diminate any 

200 ^qnece and d^rading the image contrast 

In figure two is diown a reflected ligfajt 
transmitted light illuminator 200 is shown 
a shorter body tube 120 is used in order to 
I60mm as is needed for ISOmm objectives aild 

205 components can be acconmiodated by chosink 



IS important since with such a |lrive only a 
or the slide 107 or a cover glbss (not 
ibjective or the object or dide |f the tube ts 



light originating from i 



fyed here would requireabrge diameter 

the wide nun lericd 
fidd diameter of the illuminator. In this 

diminated by light traps inl the mbe. 
structures or they may be dmi ile materids 
In this example the light tra >s are formed 
placed inside the bore of the tube with the 

are used one at the objeo ive 122 end 
at the eyepiece 125 end ofdie tube 
is foimed by a short length o 'black "pipe 
inside the barrel of the tube. Hhesethzee 
light fix>m the objective froni reaching the 
clarity. 

verdon of the fidd microscoi)e. Here a 
tothebody tubei Fordis applicatbn 
the ovddl tube length 1 3 typically 
eyepieces althou^ other tube lengt{i 
other tube lengths. 



stray 
:ani 



attiched 



maintaini 
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The transmitted light illuminator 200 i mploys an LED, typically a wfiite light 
LED with phosphor conversion fron^bluejo if^fait^ light such as those previewed by 
Oucago Miniature Lighter by MCD Electrohics. I The LED shines a beam 



» that the 



through lense 203 which may be r^iaced by i i fiber opdc component as will 
210 toAoseddUedintheart The light from the J JED is reflected through 90 
cover sUp beam splitter 209 which may also b & a prisn beam flitter so 
transmitted dirou^ the objective 122 to ilium inaie the objea 108. For sonu ^ 
such as examining large objects the modular stage lOOisiemovedbyrdeasibg the 
ftsteners holding the modular stage and unplu ^ing it from the frame. The 
215 object passes throi;^ the objective 122 and tie beam splitter 209 to die 
Since the eyepiece poteotially looks at any striy light from the LED on the 
internal wall of the tube 120 then a light trap i s built in the oppoang wall of ithe 



3f light 
be apparent 
by the 
light is 
applications 



eyqtiece 



The fight trap consists of flat black mirror 205 which may be a black 
material, or an absorbing material, and a sec(»idary li^trap surfrce of absqrbing 
220 material 206, which in this case is the loop pa rt of black VELCRO tape. 

The power for the reflected l^ht illui ninator is supplied by wiring 206 from 
connector 208. Illuminator 200 may also con jam a regulator and dimming c^cuit as 
described herrin. The wiring to the LED is a intained typically in a printed Circuit board 
204, 

225 Figure three shows a general arrangement of the body 1 19 of the 

the frame 114 plate. Thetirf>e 120 is contained in the bore 129 whidi is typ^ly 
ofan inch laiger than the diameter of the tube 120 prior to anodizing, For 
use teflon, or linear bearings are used to mou] It the tube 120 in the bore 129 



ight from the 
125. 
cjpposite 
tube., 
anodized aluminum 



and 
4/1000 
term 
Theo-rings 



mi<ht>scope 



longer 
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180 which may be rubber or any other suitable 

230 transimt the shaft 130 motion to die tube 120 

cosiosion and to harden the sur&ce against 

11 S is chosen so that it is substantially at the 

standard tubc^ eyqriece and objective in die 

Figure four shows a detail of die 

.235 dieborel29ofthebody 119. Thecoarsedri 

drive shaft is ^ically a brass shaft lunning 

are no further bearings reqiured for general 

♦ 

bearings are used to mount shaft 130 in bore 
typically be two tfififorenf dimen^on knobs. 
240 extreme coarse focus drive due its small 



material such as viton or nee prene 
All parts are typically anodizi d to prevent 
The location of the tripod mount hole 
balance point of the microscop s with 
fc cussed positiotL 
coarse focus drive. The tube 120 isl mounted in 
dri^eshaft l30 is contained in boie 192. The 



[u<e 



Tiei 



medium coarse focus drive due to its larger 
compared to the shaft (Uameter. The rotary 
linear fiicussing action of the tube 120 by 
ormoreo-ringslSO. The diameter of die 

245 fiicticm between the ^laft 130 and the tube 1 
between the tube 120 and the bore 129 whidi 
against gmvity i»Aen the niicroscope is used 
The objectives in dds microscope can 
screw mounting system such as the RMS 

250 bayonet mounts sudi as the BNC 

fitting mounts such as are well known to 



192. There 



the anodized aluminum bore 
although for long term or pn )fi^onaI use 
92 of body 119. The shaft is driven 
small knob 190 fills the fiii iction of 
diaioleter ^ule the large knob 191 fills the 



action ( 



cor tact I 



o-r ngs 1 



diameter and coiisequeiit rdativ s gear ratio 
of die shaft 1 30 is conyer ted to the 
between the shaft and theftube via one 
lis chosen to 9ve just the I degree of 
:0» which sets the drive torgue limit, and 
sets the resistance to travel especially 
the vertical posidm^ 
be mounted using either the dmventioml 
or they can be mounted pre ferably using 
or any of the ca tnera or other 
dolled in the art. The use of bayonet 



ini 



thread 



connector! layonet deugn < 



tho^ 
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wncraby. 
that the primary image plane located 



mounts fi>r the objectives allows the rapid and trouble free changing of objeddve lenses. 

Alteniateiy a rotary or linear action nosq>iecc|can be used to bring one of a fjumber of 

olqecttves into die optical axis. 

255 Binocular eyepiece assemblies can als4^ be used with this microscopel by using a 

» 

different tube design widi a coiqiling to a binccular head assembly^ not shov^. 

The fidd microscope can be comiecteq to a standard C-mdfunt video 
arraqging a tube 120 with a suitable length so 

150mm from the objective mcnniting flange o<tcurs at the CCD image plane, Inthiscase 
260 the CCD will be overfilled and an aperture sh< luld be located upstream of th^ CCD to 
limit light outade the CCD image area from becoming stray li^ to the Systran. 

A T-mount system can also be employ sd so allow the field microsco ye to adapt Co 
standard film cameras. In this case a suitable fube is used to locate the film (lane of the 
camera ill the primary image plane. 
265 A fiirtber adapter a^ows digital caroer4s to be mourned to the micro This 

adapter couples the dig^ camera to the mien >scope tube downstream of the eyepiece. 
The digital camera is then adjusted for focus at a distance Qrpically 10 feettf match the 
im^e from the eyq)iece. 

In order to maintain the lowest possible current draw for this type oflmicrosoope it 
27D is impoitam to use low curnm regulating drcjhs for the field num Two 



particular low current driving circuits are ind iided by reference and they arc 



series r^ulalor circuit and the LP2951 series 
Semiconductor in their spedficadon sheets^ 



regulator cncuit as described by National 



n Co 



theLM3I7 
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275 



A fiirther discussion of this microscop t is included in A^^^^l /\ - 



for use in 

be mounted on a tripod and ttterefbre can 

to operate 



malarial 



280 TYPICAL ILLUSTRATIVE APFUCAHI >NS AREAS 

The field microscope describee herein is particulariy suitable 
temote locatbns for field research since it car 

acconmxodatc virtually any terrain situation afd at the same time be pleasant 
fbrtheuser. 

285 Hie low power consumption and dus inicroscopes ability to be used 

climates make it ideal for rural lab uses in the third worid for instance iii 
bacterial disease, testily in Afiica. Tn this appicadon a small solar array anc 
battery can be used to power the microscope i ndefinitely. 

The microscope dm also be used in e> treme teinperatures since ail 

290 components are inade of anodiaedahmiinum md therefore all expand and 
unison sothatbindingandunreliableopcratiGn will not result. There are no 
die inicroscope and therefore 110 luhricaiits to 
The rugged nature of this microscope 
reflected to transmitted light make it ideal as ^ "scene of the crime'' imcroscppe 

295 agencies. 

Idaim: 



diicken in cold weather use. 
coupled with its easy changec 



in extreme 
or 

rechargeable 



t(e sliding 
cbntraain 
lubricants in 



verfiom 
for police 
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: the BED 



where the LED 



A microscope with an LED illuminato ' 
the light fiom the diffiiser is constrwiK d 
suitable numerical aperture to iUuminajte 
A microscope as in claim 1 where the 
employing a pho^hor to convert 
Amicrosoopeasinclaim 1 
employing a fiequency converting 
wavdlragdi lig|iL 
A microscope as in claim 1 
A microscope as in claim I 
wluch together create substantially 
A microscope as in claim 1 where 
which can be iindividualty controlled 
A microscope as in claim 1 where 
employing a blue or U V emitting LED 



JED is a white light emitting i£D 



where the LED 



where the LED 



'wlite 



A microscope as: in claiins 1-7 which 
LED illumination means with connector to 
connected to die frame of the mtcrosc|ope 
g other illumina:6on jneans. 



A microscope as in claims 1-7 which 
of a 1/4" X 20 TPI thread to allow the 
standard tripod typically from phoi 



where the LED illuminates a difEuser and 
byareflectiv surfiicetoaccmeof 
the object 




light to white light, 
is a wlute light emitting LED 
to convert the l£D light to shorter 



the LED 



the LED 



is a laser diode. 

is a phirality of various cjolored LEDs 
light 

is a phuBlity of various dolored LEDs 
create light of varying spectral conteift. 

is a white light emitting LED 
to excite fluorescence in the objed sample. 



ncludes a modular stage containing the 
allow the sta^ to be quickly 
and to be interchanged wii h other stages 



includes a standard tripod mount condsting 
microscope to be used in the 4^d with any 
togbq^hic applications! 
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:320 10. 



II. 



325 



12. 



13. 



14. 



330 1 5. 



335 



16. 



17. 



18. 



340 19. 



LED. 



w^erc the LED power 

milliwatts. 

A microscope where the LED 
10 milliwatts. 

A micro s cope which employs an 
fbrtbeLEDcticint. 
A microscope which employs a low 
voltage soiiice as the supply ibr the 
A microscope where the power supply 
housed in the body of the microscope. 
A microscope where there are light 
VELCRO loop raaieriaL 
A microsodpe wfadc there are 
cleaner material. 

A microscope where there are light 
overcome the normal stray light problbi 
fixed illuminatian fidd diameter illi 
A microscope employing a 
rotary shaft motion to linear tube 
maximum torque limit fiir the drive. 
A microscope where a bore in the 
the tube of the microscope which is 



cottsumpti n for illumination is less than 40 



power c cmsumption for the ilhimination is less than 



LM3|17 series regulator as the dims ler control 



current regulator and variable current ot 



for die illuminator consists of a battery 



tn ps in the body tube i^ch icon »st of 



light tn ps in the body tube which consist of pipe 



tnipsi 



in the body tube which are 
ms of fixed high numerical i^erture and 

►rs. 

tube drive mechanism which uses o-ring^ 
motion vAdle at the same time 



[uninator 



»settng 



ancidized aluminum body forms tl^e 
formed of anodtzed 



a sol 



calculated to 



to convert 
a 



bearing for 
aluminlun material 
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SO as to limit contraction and expansic n piobleins during use in extn me 



eovtronments. 



i 
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